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Introduction
Energy commodities are essential household needs and represent a relevant component of the household budget (e.g., Fankhauser and Tepic 2007; Bacon et al. 2010; Advani et al. 2013 ).
Lighting, heating, refrigeration, cooking, and transportation exemplify some of the basic activities that require a reliable and affordable supply of modern energy sources. At the same time, environmental considerations require disciplining energy consumption through a variety of measures that directly affect the residential sector, including energy conservation and efficiency measures, as well as pricing mechanisms (e.g., Meyers et al. 2003; Geller et al. 2006) . In this context, understanding the factors that determine energy expenditure and their interrelations may contribute to balance the trade-offs between meeting households' basic needs and reducing the environmental impact.
Related literature can be broadly grouped into studies addressing the determinants of energy expenditure-or energy budget shares-and studies on energy consumption at the household level (e.g., Meier et al. 2013; Cayla et al. 2011; Advani et al. 2013; Baker et al. 1989; Heltberg 2004; Fouquet 2014; Pachauri and Jiang 2008; Hanna and Oliva 2015) . Overall, their findings indicate the relevant roles of economic and noneconomic factors. One major line of study focuses on economic factors-that is, income and energy prices-and their significant effects on household energy demand and expenditures. The effect seems to be heterogeneous between income groups. For example, the income elasticity estimated by Baker et al. (1989) shows substantial differences between income groups in the United Kingdom, from -0.172 in the top decile to 0.177 in the bottom decile.
The noneconomic factors include household and dwelling characteristics, such as household size, location (urban/rural), appliances, dwelling size, and temperature, among others. Although income and energy prices constitute the key budgetary restrictions for consumption and expenditure decisions, energy demand derives from the noneconomic factors. Empirically, such drivers have a sizeable impact on energy spending (e.g., Poyer et al. 1997; Estiri et al. 2015; Longhi 2015) . In the case of the United Kingdom, Longhi (2015) indicates that accommodation characteristics contribute up to 20 percent of gas expenditures and up to 10 percent for electricity.
In response to improvements in living standards and the increasing adoption of durable appliances and vehicles, it is expected that future incremental global energy demand will come mainly from the developing world (BP 2016; Wolfram et al. 2012 ). However, relatively fewer studies have focused on Latin America, a region which has experienced a dynamic economic progress over the last decades. Previous research on this region mostly address energy consumption-not expenditures-and have concentrated on specific fuels. Among them, Navajas (2009) documents the case of domestic gas consumption in Argentina. Foster et al. (2000) study overall energy consumption in Guatemalan households, focusing on its relationship with income.
In a related study, Winkler et al. (2010) discuss access and affordability to electricity services in three developing countries, including Brazil, where the tariff structure seems to contribute towards reducing energy poverty. To the best of our knowledge, Rodriguez-Oreggia and Yepez-Garcia (2014) , for the case of Mexico, is the only study that addresses the use of multiple fuels, including domestic gas, electricity, and gasoline. 2 Another line of study, which has received noticeably less attention, focuses on economies of scale (EOS) in energy consumption (i.e., Ironmonger et al. 1995; Underwood and Zahran 2015) .
EOS is of interest in the broader literature studying household budget allocation (Benus et al. 1976; Nelson 1988; Deaton and Paxson 1998) , and, as an extension of this literature, the presence of EOS is plausible for energy consumption, with relevant policy implications. EOS can appear in different ways; for example, consumption of cooking fuels may increase less than proportionally to family size. Electricity and gas consumption for lighting and heating/cooling may increase linearly with dwelling size. Ironmonger et al. (1995) study the direction of EOS in residential energy use and expenditure in Australia, and find significant EOS with respect to family age composition. Underwood and Zahran (2015) study the case of the United States and find similar results; they further discuss the implications for trends in carbon dioxide emissions.
In this paper, we investigate the determinants of energy expenditures and energy budget shares at the household level, with a focus on evaluating their relationship with income and the existence of EOS. In contributing to the literature, our study jointly addresses expenditures on domestic energy (i.e., electricity and domestic gas) and fuels for private transportation. In addition to addressing EOS with respect to family age composition, we evaluate dwelling size.
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The study exploits a cross-sectional dataset that covers more than 189,000 households in 13 Latin American countries. The data set harmonizes expenditure headings across different official surveys, providing extensive coverage of the energy expenditure profile of Latin American households by income group. In addition to containing a rich set of covariates, the data set identifies detailed indicators of household geographical location, allowing us to control for a variety of omitted and non-observed factors.
The focus on energy expenditure and its relationship with income is timely and relevant for public policy on the affordability of energy services. In addition to the energy affordability problems that have been largely documented in poor countries, such problems are also present in developed countries, where, even in the recent context of declining energy prices, they have received contemporary media attention.
3 Affordability is the household's ability to pay for a minimum level of service, being intrinsically related to energy poverty-i.e., energy consumption that falls below a certain sufficiency threshold-demanding a distributional analysis to identify vulnerable household groups (Fankhauser and Tepic 2007) .
Our results suggest the presence of EOS for family size and dwelling size, although EOS for the latter are considerably smaller. The estimated Engel curves behave similarly between fuels; however, the derived income elasticities show distinctive patterns, by fuel, over the income distribution. For electricity, this elasticity tends to increase in income, stabilizing at the highest income groups. For gas and transport fuel, the income elasticity decreases but follows different patterns along the income distribution. Conditional on using the fuel, our examination returns income elasticities that move on the (0,1) interval. While this result tags energy commodities as necessity goods, it is important to consider that the richest income groups gather half the aggregate energy expenditure and that such concentration is even more pronounced for transport fuels.
The paper makes three main empirical and policy contributions. First, it exploits an original systematization of household surveys from 13 countries that concentrate over 70 percent of the population in Latin America and the Caribbean. These data allow distinguishing expenditures on electricity, domestic gas, and transport fuels, accounting for a large set of covariates. To the best of our knowledge, no previous research has provided comparably extensive coverage of countries and fuels in the household sector in Latin America. Second, in examining EOS with respect to 5 family age composition and dwelling size, the paper provides insights on the potential implications of global demographic and construction trends on the energy sector. Third, the paper is timely as it addresses the distribution of energy expenditure and energy affordability in a context of great attention to reforming energy subsidies in developing countries (Coady et al. 2015; Di Bella et al. 2015) . The findings may contribute to inform about the potential implications of these reforms in the residential sector.
In section 2, we discuss the data and the variables to be examined. Section 3 provides a distributional descriptive, unconditional review of the patterns of energy expenditure by income decile. In section 4, we present our econometric approach. In section 5, we describe the main estimation results. We conclude in section 6 with a discussion of our results and their potential policy implications.
Data, Variables, and Summary Statistics
The analysis is based on a cross-section of national household expenditure surveys from 13 countries. 4 The surveys are performed by the national statistical agencies and were selected because of the detailed information on energy expenditures, as well as socioeconomic characteristics. Annex A provides details on the surveys used in this study. The data include only those households that reported expenditures on at least one source of energy. To reduce the presence of outliers, we trimmed the sample by dropping the 1 percent of households at the lowest and highest income and expenditure levels.
All expenditures are expressed in U.S. dollars and adjusted for purchasing power parity (PPP), using exchange rates provided in the World Development Indicators database: official average exchange rates and PPP conversion factors for private consumption. Since different products or services have a different periodicity of purchase, the data were multiplied by the corresponding factor to express expenditures in annual terms (i.e., the monthly value would be multiplied by 12). � . This adjustment accounts for inflation and real growth in residential consumption. The data on households' final consumption were also obtained from the World Development Indicators database. The extrapolation affects the absolute expenditure amount, not the expenditure structure.
The same procedure was followed for the population sample weights. These factors are provided by the national statistical agencies for each survey. For years prior to 2014, the weights are adjusted for the annual rate of growth of the urban and rural population.
Harmonization of the income and expenditure headings closely follows the International
Comparison Program classification, which is broadly used in national household surveys. This classification allows for a whole picture of the household budget structure by relevant expenditure items. In the case of energy commodities, for the selected countries, we distinguish between domestic energy and transport fuel. Domestic energy includes electricity, natural gas, and other fuels (such as wood, coal, and kerosene). Transport fuel aggregates all fuels reported by the household, including gasoline, diesel, and liquefied petroleum gas, among others.
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To reduce potential measurement problems and to reflect household economic conditions, instead of income, we use total annual spending as the main dependent variable. This variable was constructed taking the same expenditure headings in all countries. These headings include food, dwelling maintenance, transportation, communications, entertainment, clothing, health, education, and other monthly expenditures. In this paper, income groups (i.e., quintiles and deciles) are defined based on the distribution of per capita household expenditure within each country.
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Other socioeconomic characteristics were selected based on the literature. Table 1 presents the descriptive statistics. The table shows that traditional energy sources have a very low representation in the family budget. Since those are mostly non-commercial energy sources, it is difficult to capture their value in expenditure surveys; therefore, we focus the regression analysis on commercial energy sources: electricity, gas, and fuels for private transportation.
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With regard to domestic gas, it is important to mention that, in this sample, the reported expenditures do not distinguish between bottled gas versus network. However, network gas is only present in Brazil, Mexico, and Peru, having a small market share. For example, in Brazil, the residential sector account for around 1.4% of consumption of natural gas in 2015 (according to its national energy balance). Further, less than 1% of the household in the survey under analysis have piped connections. This implies that even distinguishing the type of domestic gas, we would probably have a small sample to perform the estimation.
Descriptive Patterns of Energy Expenditure by Income Decile
This section pools our underlying microdata to provide a descriptive view of some patterns that characterize energy spending in the Latin America region. An important consideration is that those patterns can be examined excluding, or not, zero reported spending. In both cases, it is assumed that zero does not reflect underreporting, but the non-consumption of a given good or service.
Therefore, excluding zeros provides averages that more closely reflect the patterns among the users. However, this approach precludes constructing an average synthetic budget structure that takes into account multiple fuels for a given population group (because users may differ for different fuels). For this reason, some researchers prefer to compute absolute expenditures and their shares in total expenditures across all households regardless of whether they consume a given fuel (see for example Bacon et al. 2010, and Advani et al. 2013) . In this section, we follow this practice with the exception of Table 3 , which provides some contrasting results. Figure 1 presents the composition of annual household energy spending, in U.S. dollars, by expenditure decile. This shows great variance between deciles; the richest income groups spend almost seven times what the poorest groups spend. Along the income distribution, the composition of energy spending changes markedly. The greatest increase is observed for liquid fuels for private transportation, which outdoes that of domestic fuels. Indeed, in the first decile, electricity and domestic gas explain around 90 percent of the household energy budget. In the richest group, such share falls to around 32 percent, being displaced by transport fuels. Figure 1 also shows that expenditure on "other" fuels is not significant, as represented in the household expenditure surveys examined here. This is the main reason why those fuels are not included in the regression analysis in the following sections.
For public policy considerations on energy affordability, it is also interesting to express previous expenditures in relative terms, as shares of the household budget (Winkler et al. 2011) . Figure 2 plots the trend lines of these energy shares by decile. In contrast to the previous figurewhere all energy expenditures increase in income-the associated budget shares for electricity and gas tend to decrease toward the right of the income distribution. Only the budget share of transport fuels increases, reaching a greater share than domestic energy. These interrelations between different types of energy seem to explain the S-shaped curve in total energy (bold blue line), portraying dissimilar energy spending patterns between households in different income groups. While the budget share of domestic fuel decreases along the income distribution, the total energy budget share remains roughly stable, a result of the increasing budget allocation for transport fuels.
According to these patterns, electricity and domestic gas may be considered necessity goods, while spending on transport fuels seems to have the characteristics of a luxury good. As affordability concerns are not material at higher income levels, changes in expenditures on electricity and gas are of interest at the lower income deciles. Together, these two energy sources constitute around 8 percent of household annual total expenditure in the first decile, showing greater vulnerability than richer segments.
To look at the heterogeneity between countries, Table 2 provides the energy budget share by quintile for each country in the sample. The greatest weight of domestic fuels (electricity and gas) in the poorest quintile is observed in Uruguay (13.9 percent), followed by Jamaica (9.7 percent), Brazil (8.6 percent), and Costa Rica (6.6 percent); for the rest of the countries, it is less than 5 percent. To evaluate the degree of vulnerability that these figures represent, we can consider reference estimations. For example, pooling the calculations of different studies, the energy budget share is around 2.1 percent on average and goes up to 17.5 percent for the poorest quintile (Jamasb and Meier 2010; Meier et al. 2013; Bacon et al. 2010 that, as expected, the energy shares increase in all countries. Noticeable, the increments are more pronounced in the case of electricity and transport fuels for the lower income groups. For example, in the case of the Dominican Republic and Honduras, the electricity share, in the 1st quintile, goes from 1.9 and 0.8 percent to 4.7 and 4.3 percent, respectively. As these are countries with high levels of informal electricity connections, these figures more closely reflect the affordability of the poorest households. Regarding transport fuels, Table 3 indicates that households dedicate a sizeable share of their budget to such fuels. Notice, however, that only 11.7 percent of household in the poorest quintile actually report positive expenditures, suggesting that the take-up is relatively low (see Table 4 ).
In addition to the differences across countries and income groups, there is also considerable variation within each quintile. That is, not only do energy expenditures tend to have a significantly higher weight in lower-income households; they also have a significantly more skewed distribution of energy share. Following Advani et al. (2013) , this variation can be observed through a box plot. in the poorest quintile, one in ten households spends more than 15 percent of its budget on energy, while more than one in ten report zero energy spending. In the top quintile, by contrast, for the interquartile range, or 50 percent of all households, the energy budget shares are in the narrower range from 1.4 to 4 percent.
It is also useful to know how the aggregate energy expenditure distribution by income and fuel. Table 5 shows that the 20 percent richest concentrate more than 40 percent of total expenditures on energy, while the bottom 20 percent poorest concentrate around 7 percent.
Transport fuels constitute the bulk of the energy basket in the richest group. Around 64 percent of total energy expenditures in the fifth quintile go toward private transportation. In contrast, expenditures on domestic energy sources make up the largest share of energy expenditures in the poorest income group, at 76 percent. This aggregate view depicts the distributive characteristics of energy expenditures. While the poorest households are the most vulnerable to price shocks given the energy share in their expenditure, their share of national energy expenditures is less than one-sixth of the highest quintile. This pattern is clearest in the case of fuels for private transportation, where the poorest households account for less than 2 percent of aggregate expenditures on transport fuels, while the richest quintile accounts for 30 percent. In this sample, we do not observe substantial differences among quintiles for domestic gas.
Empirical Approach
This section presents the approach to investigate the determinants of energy expenditure.
Following a stream of empirical work (e.g., Foster et al. 2000; Meier et al. 2013; Longhi 2015; Martins et al. 2016) , we propose a system of equations following a common unrestricted specification for all fuels:
where ℎ represents the spending and budget shares of household ℎ on each specific energy source (i.e., electricity, domestic gas, and transport fuels). Therefore, to examine the correlation between energy expenditures and income, we specify the income function as a polynomial. In the literature, (·) is specified as first-, second-, and thirdorder functions (Banks et al. 1997; Meier et al. 2013) . We test these specifications and compare their performances to find the most suitable functional form for each energy source. 8 This is an important distinction, as the relationship between energy expenditures and income may depend on the actual energy type. In the cases of electricity and gas, the best fits were found to be a thirdand second-degree polynomial, respectively. For transport fuels, the best fit was third degree for spending and second degree for budget share. See Annex B for the regression details.
An advantage of using a polynomial function is that it allows estimating the elasticity at different points of the income distribution. For example, the elasticity corresponding to the third-degree polynomial takes the form , = 1 + 2 2 ln ℎ + 3 3 ln ℎ 2 . However, the expected signs of the estimated coefficients are less clear, and the focus is on approximating the behavior of energy expenditure along the income range, being a matter of empirical debate. Meier et al.
(2013) find that energy spending elasticities increase nonlinearly with income. In contrast, for the case of energy consumption, Foster et al. (2000) (at the household level) and Jimenez and Yépez-García (2016) (at the country level) find evidence of an inverse U-shaped relationship, in the sense that energy consumption tends to stabilize, and even reduce, at higher income levels.
For the set of covariates ( ℎ ) that may affect energy expenditure, we include family age and size composition, urban/rural geographic area, dwelling size, appliances (TV, refrigerator, and computer), vehicle ownership, and ownership of the dwelling. In the case of food expenditures, Benus et al. (1976) evaluate the EOS of family composition by distinguishing the number of members per age group within the household, and adding their squares. The first coefficient is expected to be positive, since expenditures typically increase with family size. The coefficient of the squared variable is interpreted as the direction of the EOS for each cohort. Following this approach, we include two cohorts (number of household members younger than 12 years, and number older than 12 years) and their corresponding squares. To evaluate EOS with respect to dwelling size, we extend this logic by including the square of the number of rooms in the dwelling.
In this exercise, we do not have information on the energy prices paid by end-users. Such information is only available at the country aggregated level, so including those average prices would only capture cross-country variations and could be a noisy measure, as prices may differ significantly within countries. Price variation occurs because most energy pricing mechanisms consider consumption bands and household location settings, among other factors, thereby leading to heterogeneity in final prices across households. This is a context in which average national energy prices are not very informative, especially when they come from cross-sectional data. 9 To reduce this problem, we take advantage of the detailed geographical information provided in the data. This information is translated into fixed effects ( ℎ ), indicating each household's location, which, depending on the survey, may represent a municipality or village.
The analysis accounts for more than 8,900 indicators of locations, to capture differences in energy prices faced by households living within the same area, as well as other location-specific effects,
9 Including country-average price data here may lead to significant measurement error ( ) and, thus, biased estimates. That is, if is correlated with income or other household characteristics, it will bias all the estimated parameters ( �,̂). The location parameter, among others, may capture the effect of prices, in which case we would not be able to identify the price effects.
such as temperature and the reliability of energy services. These variables also capture countryspecific characteristics, such electricity tariffs structures, or natural resource abundance (which may affect energy costs).
However, the location indicator may not completely allow us to identify differences in energy prices paid by end-users within a given area. For example, on the one hand, in the case of electricity, incremental tariffs based on consumption bands may bias the estimation of the income coefficient, since higher income groups tend to present higher electricity consumption and therefore face greater tariffs. Similarly, in countries such as Mexico and Peru, electricity tariffsin addition to being defined by band of electricity consumption-also depend on geographical location, and tariffs tend to be lower in relatively poorer areas. On the other hand, prices for domestic gas and transport fuels may present spatial variability for different reasons. Prices may vary, reflecting price-skimming strategies of the suppliers, or due to differences in the complementary services provided along with the fuels. At the same time, these prices can vary because of transactional costs, and it is expected that rural areas tend to face higher energy prices. Meier et al. (2013) argue that those differences can be interpreted as measurement error.
The authors use average annual prices and a proxy variable to control for systematic deviations using the following decomposition of the price vector:
where ℎ is the actual price paid by the household, is the price common to the location or area of a given household, and is the average annual price. Following this strategy, we can include the price vector in our previous specification (equation 1) and rewrite it as follows:
The terms in brackets represent the measurement error. As those terms are not available, Meier et al. use income differences as a proxy. That is, they replace P h by household income and P L by average income within a geographical area. In our case, the incomes and their averages by location are calculated from the surveys in each country. In our cross-sectional setting, average energy prices (lnP t ) and geographical differences in energy prices (ln � P L P t �) will be absorbed by location fixed effects, I h . Therefore, we are left to correct the difference in energy prices within each geographic location, such that the final specification is
� is the proxy for different prices faced by households within their location. We call this correction term "ywithin." This correction term is not of primary interest in our analysis; rather, it is mainly used in an attempt to clear up the omitted variable problem in the estimations.
Intuitively, as ywithin reflects the positive price differential faced by households, for higher values for this variable we should expect lower energy expenditure, γ � < 0. However, in the case of budget shares, the expected sign of γ � depends on the nature of the good. For necessity goods, it may be expected that the higher is the value of ywithin (higher prices faced by the end-user), the higher is the budget share. As expressed ywithin can take zero or negative values, therefore to ease interpretation, we applied the custom monotonic transformation ln �
It is important to emphasize that we interpret the estimations as conditional correlations. That is, although we expect that the inclusion of the covariates and high-dimensional fixed effects helps to clean up the estimates, they may still be subject to different sources of bias, namely: measurement error of income, sample selection, functional form misspecification, and simultaneity bias between energy expenditure and household income. Nonetheless, in the following, we discuss the implications of these potential problems and how we expect to mitigate them.
Regarding measurement error, one of the main concerns in our context is with household income, as it is known to be highly subject to misreporting, potentially leading to attenuation bias.
Following Kay et al. (1984) and Pudney and Francavilla (2006) , instead of income, we use household expenditure as a more reliable measure of household economic welfare.
In the case of sample selection, three issues may affect the reliability of the estimated parameters. The dependent variable may be zero for three possible reasons: (i) non-consumption,
(ii) no recall of information, and (iii) omitted response during the survey. The last two reasons could lead to inconsistently estimated relationships and, therefore, a lack of external validity due to the censored nature of the data. Here, we assume that (ii) and (iii) are not systematic in our data, which is a common implicit practice in several applications (Foster et al. 2000; Meier et al. 2013 ).
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Functional form misspecification implies that our average estimate may not be representative of the overall relationship, for example, if such link is pronouncedly nonlinear. We expect that the proposed polynomial specifications-for income, family age composition, and dwelling size-will reduce this problem.
The main concern to avoid attributing a causal interpretation to the estimates is the potential existence of simultaneity bias. That is, although the focus is on the effect of income changes on energy spending, it may also be the case that energy spending would, in turn, affect income. The channel would be somewhat indirect; as energy expenditure increases, it generally would represent higher energy use, which may signify a more productive use of time within the dwelling-i.e., better conditions for studying or developing other productive activities. Such a more productive use of time would translate into higher incomes and therefore greater energy expenditures.
Results
This section presents the main results of the strategies previously described. First, we present the average estimates of the energy regressions. Subsections 5.2 to 5.3 expand the empirical analysis of the relationship between energy expenditure and income.
Determinants of Energy Expenditure
Tables 6 and 7 summarize the results of regressing equation 4 for energy spending and energy share of total household expenditure, respectively. Conditional on the set of covariates, the relationship between energy expenditure/share and income is assumed to be linear. Then, the returned coefficient represents the average income elasticity of energy expenditure for the pooled sample.
Overall, the results indicate that household characteristics play a significant role and operate in an expected fashion in determining energy spending, although with relevant distinctions between fuels. With respect to energy expenditures (Table 6 ), the highest sensitivity to an income change is given for transport fuels (0.67 elasticity), followed by electricity (0.39) and domestic gas (0.19). However, although spending on transport fuel increases the most with income, the energy share estimates (Table 7) indicate that its budget weight decreases. That is, on average, expenditure on all fuels increases at a lower rate than income does.
For family age composition, the results strongly suggest the prevalence of EOS with respect to domestic energy (i.e., electricity and domestic gas). For those fuels, all first-degree terms relating to the age distribution of the family-number of children and number of household members older than 12-are positive, indicating that greater household size tends to be associated with higher energy expenditures, as well as higher energy share. All the quadratic terms have a negative sign, reflecting the realization of EOS in energy expenditures. The fact that those quadratic terms are negative and statistically significant in the energy share regression indicates that those EOS are quite relevant for the structure of household budgets. In contrast, expenditure on and share of transport fuels appear not to be systematically correlated with household age composition. These findings are consistent with those of Ironmonger et al. (1995) and Underwood and Zahran (2015) . As the authors suggest, the global trend toward smaller family size may offset the potential gain in energy efficiency.
We also observe EOS with respect to dwelling size for electricity spending and its budget share. As expected, there is a positive association between the number of rooms in the dwelling, while the coefficient for the squared variable, although near zero, is statically significant and has a negative sign. This suggests the presence of some energy savings with incremental dwelling size. In the case of domestic gas, the estimations are less clear, with EOS for expenditures but diseconomies of scale in budget share. With respect to transport fuel, a priori there is no clear association with number of rooms. This is the case in our estimations.
An interesting question is whether these EOS differ between rich and poor. We evaluate this by interacting three income groups--first income group = deciles 1 to 3, second = deciles 4 to 6, and third = deciles 7 to 10--with the variables family and dwelling size. Figure 4 presents the estimated marginal effects of electricity and gas expenditure. In the case of domestic gas, the intensity of EOS appears to be the same among the three income groups. In the case of electricity, the EOS of dwelling size also seems to behave in a similar way; however, the EOS of family size seems to be more pronounced for the richest group, emerging for families with more than six members.
The direction of the estimated coefficients for urban/rural location also depends on the specific fuel. Overall, urban households tend to spend more on and have a higher energy weight in their budgets (column 1 in Tables 6 and 7 ). This result seems to derive mainly from electricity expenditure, which represents an additional 0.89 percent of the budget for urban households, or 30 percent more annual expenditures (column 2 in Tables 6 and 7) . Taking as a reference the unconditional rural average electricity expenditures, this means additional spending of around US$100. The association with domestic gas is quite small and less clear. Families living in urban areas spend 1.5 percent less on domestic gas than those in rural areas, although the coefficient is only weakly significant (Table 6 , column 3). In contrast, in the budget share regression, the estimated coefficient is positive and strongly significant, indicating that the share of gas is 0.2 percent higher in urban areas (Table 7 , column 3).
With respect to transport fuels, differences by urban/rural areas are also small. Compared with rural households, urban ones tend to spend 7 percent less on transport fuels, with an associated 0.3 percent lower share of their budget. Recall that these estimations are conditional on having positive energy expenditure. Unconditional estimates usually show that in urban areas liquid fuel expenditures tend to be higher. This is because the computations include zero expenditures, of which urban households tend to have a lower proportion.
The appliances variables-refrigerators, computers, and TVs-are strongly correlated with higher electricity expenditure and the share of electricity in the household budget. Consistent with the extensively documented role of these appliances in increasing energy consumption, our estimations indicate that having a refrigerator, computer, and TV increases energy expenditure (and shares) by about 30.8 (0.86 percent), 13.8 (0.41), and 11.3 percent (0.31), respectively.
These estimates are greater than the marginal income effects. As would be expected, having appliances is not systematically related to expenditures on domestic gas or transport fuels.
As in Meier et al. (2013) , the variable that is intended to capture measurement error in individual energy prices is statically significant for all domestic fuels, with the expected negative sign. That is, ywithin seems to work in capturing prices differentials within an area of residence, in the sense that it echoes higher prices faced by the end-users, having a negative effect on energy expenditures. In addition, and in a symmetric way for the case of energy budget share as the dependent variable, our estimated coefficients for ywithin are positive and significant for domestic fuels. That is, ywithin (energy prices) would be positively associated with the weight of energy consumption in the household budget, suggesting that electricity and gas are necessity goods. The results are not significant in the case of transport fuels.
As an aside, to provide a glance at the heterogeneity in our estimations, we also perform the regression by each country in our sample. Overall, the findings prevail across countries. For simplicity, Table 8 reports the income elasticities by country. Annex C reports the complete results. Apart from transport fuels in Jamaica, all the estimated income elasticities for energy expenditures are in the range (0,1), reinforcing the intuition that in the household sector, all fuelseven for private transportation-could be considered necessity goods.
Energy Engel Curves
This subsection examines the shape of the relationship between energy expenditure/share and household income. For these estimations, in equation 4, we specify ln ( ℎ , ) with the best fit polynomial for each fuel (see Annex B), controlling for the same set of covariates as in the other regressions. Figure 5 presents the conditional predicted energy expenditures (panel A) and energy shares (panel B) along the income distribution of our sample. These curves are typically referred to as conditional Engel curves.
The conditional predicted energy expenditure monotonically increases with income, shaping a linear relationship with a relatively tight 95 percent confidence interval. According to these estimations, greater differences are found in transport spending, as the corresponding Engel curve has a steeper slope than for electricity and gas.
Although energy expenditures increase with income, panel B shows that there is a large decrease in their budget weight as families become wealthier. As in panel A, the 95 percent confidence interval is relatively tight, suggesting low heterogeneity across households within each income group. Despite that poorer households have lower energy expenditures, they compromise a larger share of household income, implying pronounced affordability problems. Everything else constant, expenditure on electricity and gas in households at the lower income decile tend to represent between 6 and 12 percent of their budgets.
These patterns also prevail for transport fuel. This finding is in contrast with Figure 2 , where the share of transport fuels increases with income. However, Figure 2 shows unconditional averages by income group, which do not account for other covariates, such as household size or ownership of vehicles, among others. The estimated curves in Figure 5 represent the net correlation between energy expenditures/shares and household income conditional on all the covariates, and therefore offer a better approximation of the true association between those variables. 11 We interpret the differences between the conditional and unconditional transport fuel shares as being a result of significant heterogeneity in the values of the covariates between income groups. In other words, conditional on being actual users of transport fuels-i.e., car owners-the share of expenditures on those fuels decreases for richer households. Figure 6 plots the estimated income elasticities at different income percentiles. In line with previous results, these curves show that the elasticities remain positive and lower than unity for all fuels over the entire income distribution. However, and in contrast to the energy Engel curves, the elasticities present markedly different paths across fuels. For the case of electricity, its corresponding elasticity presents a concave shape, increasing from around 0.2 and stabilizing around 0.5. That is, electricity expenditure grows at an incremental rate as income rises, up to a point where the rate of change stabilizes at a positive level. By contrast, the elasticity of domestic gas tends to decrease, although with greater variance. Still, the greatest variance is observed for transport fuels, for which the elasticity growths up to the 25th income percentile and then declines for richer segments. These estimates are consistent with those of Foster et al. (2000) and Jimenez and Yepez-Garcia (2016) , who find that the income elasticity of energy consumption decreases to the right of the income distribution. These results may reflect a decreasing marginal utility in energy consumption and/or access to durable assets that are more energy-efficient.
Estimated Income Elasticities along the Income Distribution
The results in this section are robust in the estimations by country (Annex C) and to the inclusion of different variables, such as the number of TVs and vehicles (information that is available for a reduced sample of countries). The results are also robust to the use of alternative polynomial specifications.
Conclusions
We used a comprehensive data set of households in 13 Latin American countries to study the determinants of energy expenditure, with a focus on its relationship with income and the presence of EOS. Specifically, we address the link between energy expenditures-electricity, domestic gas, and transport-and household location, family composition, dwelling size, durable goods ownership, and income. Altogether, our findings highlight the relevance of these variables in shaping energy spending and affordability, but with important differences between fuels.
In addition to income, domestic fuels expenditures/budget shares are importantly driven by household socioeconomic characteristics. Urban/rural location and household appliances explain more than 50 percent of energy expenditures; however, its weight in the family budget tends to decrease as income grows at a higher rate. On the other hand, the materialization of EOS of household size is clearer than for dwelling size, and further, it is more pronounced in wealthier households.
The estimated conditional Engel curves have similar shapes between fuels; however, we find noticeable differences in the path of income elasticity along the income distribution. Although these elasticities are less than unity for all fuels, they tend to be highest across all income groups for transport fuel, followed by electricity and domestic gas. For electricity, the elasticity monotonically increases with income, but tends to stabilize starting at the 75th percentile. For gas, it decreases continually over the income range of our sample. For transport fuel, it increases up to the 25th percentile, and then begins to decrease. These results portray electricity, domestic gas, and even transport fuels as necessity goods. However, it is important to take into account that the richer segments concentrate most of the residential energy expenditure, especially in the case of liquid fuels.
These results imply that demographic and construction trends have implications for energy policy. The trend toward smaller family size may dilute the EOS of household size. On the other hand, our findings suggest that energy efficiency and conservation standards for household and building construction are clearly required to compensate their observed small EOS.
To the extent that the observed energy spending patterns reflect energy consumption, our findings may have implications for energy efficiency and conservation policies. The detected EOS suggest that energy efficiency policies for housing and buildings may have significant effects not only on energy consumption, but also on related expenditures, relieving household budgets. Annex A: Sources 
